REDUCTION IN POWER CONSUMPTION IN CDMA RECEIVER TERMINAL 
WHEN SIGNAL IS RECEIVED IN TRANSMISSION DIVERSITY MODE 



BACKGROUND OF THE INVENTION 

5 1. Field of the Invention 

The present invention relates to a CDMA receiver 
terminal for use in a CDMA cominunications system, and 
more particularly, to a CDMA receiver terminal for 
receiving a signal transmitted by a base station using 

.0 two antennas in a transmission diversity mode. 
2. Description of the Related Art 

Conventionally, some CDMA communications systems 
have employed a method of transmitting signals from a 
base station to a receiver terminal as illustrated in Fig. 

5 1, wherein base station 1 uses two antennas ANTl, ANT2 to 
transmit signals A, B to a receiver terminal 2 
(hereinafter called the "transmission diversity mode") . 

Receiver terminal 2 inversely spreads the signals 
transmitted from respective antennas ANTl, ANT2 of base 

0 station 1 in finger unit (inverse spreader unit), 

corrects the signals for the phase in finger unit (phase 
corrector unit), and then combines the resulting signals 
in RAKE circuit. Finger unit (inverse spreader unit) and 
finger unit (phase corrector unit) each comprises a 

5 plurality of finger circuits, each of which performs the 



foregoing operation at a predetermined operating clock. 
Each of the finger circuits in finger unit (inversely 
spreader circuit) corrects the timing of the operating 
clock based on a timing control pulse signal applied from 
a timing corrector circuit (not shown) provided 
externally to receiver terminal 2. 

Now, the configuration of each finger circuit in 
finger unit (phase corrector unit) provided in the 
conventional CDMA receiver terminal will be described 
with reference to Fig. 2. 

Referring to Fig. 2, the finger circuit of the 
prior art example comprises phase estimator circuit 17, 
phase corrector circuits 18, 19, and antenna combiner 
circuit 20. Each of the components operates based on an 
operating clock supplied from TCXO (Temperature 
Compensated Crystal Oscillator) 16. 

Phase estimator circuit 17 estimates the amounts of 
phase correction for signals received from antenna ANTl, 
ANT2 from base station 1 (see Fig. 1) based on a 
difference in phase between I, Q phase points of known 
expected data and inverse spread data inversely spread in 
finger unit (inverse spreader unit) at the previous stage. 
Phase estimator circuit 17 also applies the inverse 
spread data inversely spread in finger unit (inverse 
spreader unit) to phase corrector circuits 18, 19. 



Phase corrector circuit 18 corrects the phase of 
the inverse spread data for the received signal from 
antenna ANTl of base station 1, out of the inverse spread 
data applied from phase estimator circuit 17, by the 
amount of phase correction estimated by phase estimator 
circuit 17. Phase corrector circuit 19 corrects the 
phase of the inverse spread data for the received signal 
from antenna ANT2 of base station 1, out of the inverse 
spread data applied from estimator circuit 17, by the 
amount of phase correction estimated in phase estimator 
circuit 17. Each of phase corrector circuits 18, 19 
applies the phase-corrected inverse spread data to 
antenna combiner circuit 20. 

Antenna combiner circuit 20 combines the phase- 
corrected inverse spread data applied from respective 
phase corrector circuits 18, 19. 

In the conventional CDMA receiver terminal as 
described above, however, since the finger unit (phase 
corrector unit) and timing corrector circuit are 
operating irrespective of the validity of received 
signals transmitted from respective antennas ANTl, ANT2 
of base station 1, there is a problem that this 
constitutes a factor of increasing the power consumption. 



SUMMARY OF THE INVENTION 



It is an object of the present invention to provide 
a CDMA receiver terminal which is capable of reducing the 
power consumption when a base station is transmitting 

signals . 

The present invention determines the validity for 
respective received signals transmitted from two antennas 
of a base station, and stops supplying an operating clock 
to a phase corrector circuit which corrects the phase of 
a signal ftom an antenna that is determined to be invalid. 
Thus, the power consumption can be reduced while the base 
station is transmitting the signals. 

Also, when both of the signals transmitted 
respectively from the two antennas of the base station 
are determined to be invalid, the supply of the operating 
clock is also stopped to a timing corrector circuit which 
applies a signal for correcting the timing of the 
operating clock. It is therefore possible to further 
reduce the power consumption when the base station is 
transmitting the signals. 

The above and other objects, features and 
advantages of the present invention will become apparent 
from the following description with reference to the 
accompanying drawings which illustrate examples of the 
present invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram illustrating an exemplary 
CDMA communications system where signals are transmitted 
from a base station to a receiver terminal in a 
5 transmission diversity mode; 

Fig. 2 is a block diagram illustrating an exemplary 
configuration of each finger circuit provided in a finger 
unit (phase corrector unit) used in a conventional CDMA 
receiver terminal; 
10 Fig. 3 is a block diagram illustrating a CDMA 

receiver terminal according to one embodiment of the 
present invention; 

Fig. 4 is a block diagram illustrating the 
configuration of a finger unit in the CDMA receiver 
15 terminal illustrated in Fig. 3; 

Fig. 5 is a block diagram illustrating an exemplary 
configuration of each finger circuit provided in a finger 
unit {phase corrector unit) illustrated in Fig. 4; and 

Fig. 6 is a flow chart for explaining the operation 
20 of the CDMA receiver terminal illustrated in Figs. 3 and 
4. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring to Fig. 3, there is illustrated a CDMA 
25 receiver terminal according to one embodiment of the 
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present invention which comprises radio circuit 3; finger 
unit (inverse spreader unit) 4; finger unit (phase 
corrector unit) 5; RAKE circuit 6; timing corrector unit 
7; TCXO 8; CPU 9; and E2PR0M 10. It should be noted that 
the following description will be made on the assumption 
that the CDMA receiver terminal illustrated in Fig. 3 
receives signals transmitted from two antennas ANTl, ANT2 
of base station 1 in a transmission diversity mode, as 
illustrated in Fig. 1. 

TCXO 8 supplies an operating clock to radio circuit 
3, finger unit A, finger unit 5, RAKE circuit 6, and 
timing corrector circuit 7. These components 
respectively perform predetermined operations based on 
the operating clock supplied from TCXO 8. 

Radio circuit 3 receives signals transmitted from 
antennas ANTl, ANT2 of base station 1 in a transmission 
diversity mode, and applies the signals to finger unit 4. 

Timing corrector circuit 7 applies finger unit 4 
with a timing control pulse signal for correcting the 
operating timing in finger unit 4. 

Finger unit 4 fetches received signals applied from 
radio circuit 3 in response to the timing control pulse 
signal from timing corrector circuit 7, inversely spreads 
the fetched received signals to demodulate inverse spread 
data in symbols, and applies this inverse spread data to 
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finger unit 5. 

Finger unit 5 separates the inverse spread data 
applied from finger unit 4 into inverse spread data for a 
received signal from antenna ANTl of base station 1 and 
inverse spread data for a received signal from antenna 
ANT2 of base station 1 for phase correction. Finger unit 
5 also measures the level of an electric field generated 
by the received signal from antenna ANTl of base station 
1 and the level of an electric field generated by the 
received signal from antenna ANT2 of base station 1, 
determines that the received signal from the associated 
antenna is invalid if the measured electric field level 
is below a predetermined threshold, and stops the 
operating clock supplied to a particular one of circuits 
within finger unit 5 which is allocated to correct the 
phase of the received signal from the antenna which is 
determined as invalid. 

Referring to Fig. 4, finger unit 4 is composed of 
finger circuits 4i - 4n, while finger unit 5 is composed 
of finger circuits 5i - 5n. Also, respective finger 
circuits 4i - 4n perform the aforementioned operation at 
timings different from one another, triggered by a timing 
control pulse signal applied from timing corrector 
circuit 7. 

RAKE circuit 6 combines inverse spread data which 



have been corrected for the phase in respective finger 
circuits 5i - 5n of finger unit 5, 

E2PR0M 10 stores a variety of known data including 
threshold data used in finger unit 5. 

CPU 9 instructs radio circuit 3, respective finger 
circuits 4i - 4n within finger unit 4, respective finger 
circuits 5i - 5n within finger unit 5, and RAKE circuit 6 
to perform the aforementioned operation, and fetches a 
variety of data from E2PR0M 10. 

Referring to Fig. 5, each finger circuit 5i - 5^ 
comprises phase estimator circuit 11, level measuring 
circuit 12, phase corrector circuits 13, 14, antenna 
combiner circuit 15, and switches 131, 141. Each of 
these components performs a predetermined operation based 
on the operating clock supplied from TCXO 8 . 

Phase estimator circuit 11 calculates a difference 
in phase between I, Q phase points of known expected data 
and inverse spread data applied from each of finger 
circuits 4i - 4n in finger unit 4 to estimate how many 
degrees phase estimator circuit 11 corrects the phase of 
a received signal from each antenna ANTl, ANT2 of base 
station 1. 

Specifically, phase estimator circuit 11 calculates 
a fading vector (a parameter indicative of a shift in the 
phase of inverse spread data from the 1, Q phase points 
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of expected data) for a received signal from each antenna 
ANTl, ANT2 of base station 1 based on inverse spread data 
applied thereto from finger circuits 4i - 4n within 
finger unit 4, and applies the calculated fading vector 
to level measuring circuit 12. Phase estimator circuit 
11 also applies level measuring circuit 12 with inverse 
spread data applied from finger circuits 4i - 4n. 

Level measuring circuit 12 measures the level of an 
electric field generated by the received signal from 
antenna ANTl of base station 1, and the level of an 
electric field generated by the received signal from 
antenna ANT2 of base station 1 based on the fading vector 
fed thereto from phase estimator circuit 11, and compares 
the measured electric field levels with a predetermined 
threshold to determine the validity for the received 
signal from antenna ANTl and the validity for the 
received signal from antenna ANT2, respectively. Level 
measuring circuit 12 also applies a control signal for 
turning ON/OFF switches 131, 141 disposed between 
respective phase corrector circuits 13, 14 and TCXO 8 
based on the result of determination. Level measuring 
circuit 12 further applies the inverse spread data and 
fading vector fed from phase estimator circuit 11 to each 
of phase corrector circuits 13, 14. 

Level measuring circuit 12 determines the validity 



for received signals from respective antennas ANTl, ANT2 
at regular time intervals, convenient for the particular 
system, for example, at intervals of one frame {10 ms) in 
a CDMA communications system. 

Phase corrector circuit 13 corrects the phase of 
inverse spread data for the received signal from antenna 
ANTl of base station 1 out of the inverse spread data 
applied from level measuring circuit 12 based on the 
fading vector fed from level measuring circuit 12. Phase 
corrector circuit 14 corrects the phase of inverse spread 
data for the received signal from antenna ANT2 of base 
station 1 out of the inverse spread data applied from 
level measuring circuit 12 based on the fading vector fed 
from level measuring circuit 12. 

Each of phase corrector circuits 13, 14 is 
connected to TCXO 8 through switch 131, 141 which is 
turned ON/OFF in response to a control signal applied 
thereto from level measuring circuit 12, and corrects the 
phase of the inverse spread data for the received signal 
from the associated antenna only when it is supplied with 
the operating clock from TCXO 8 through switch 131, 141 
which is turned ON. Then, each of phase corrector 
circuits 13, 14 applies antenna combiner circuit 15 with 
the phase-corrected inverse spread data. 

Antenna combiner circuit 15 combines the phase- 
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corrected inverse spread data applied thereto from 
respective phase corrector circuits 13, 14 associated 
with antennas ANTl, ANT2, and applies the combined 
inverse spread data to RAKE circuit 6. 

Next, the operation involved in reducing the power 
consumption in the CDMA receiver terminal in accordance 
with this embodiment will be described with reference to 
Fig. 6. 

First, at step 601, each of finger circuits 4i - 4n 
provided in finger unit 4 inversely spreads a received 
signal applied from radio circuit 3 to demodulate the 
received signal to inverse spread data in symbols which 
are applied to each of finger circuits 5i - 5n provided 
in finger unit 5. At this time, each of finger circuits 
4i - 4n is triggered by a timing control pulse signal 
applied thereto from timing corrector circuit 7 to 
inversely spread the received signal at different timings 
from one another. 

In each of finger circuits 5i - 5n, at step 602, 
phase estimator circuit 11 calculates a fading vector for 
the received signal from each antenna ANTl, ANT2 of base 
station 1 based on the inverse spread data applied 
thereto from each of finger circuits 4i - 4n- within 
finger unit 4, and supplies level measuring circuit 12 
with the calculated fading vectors and the inverse spread 
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data applied from finger circuits 4i - 4n. 

Next, at step 603, level measuring circuit 12 
measures the level of an electric field generated by the 
received signal from antenna ANTl of base station 1, and 
the level of an electric field generated by the received 
signal from antenna ANT2 of base station 1, respectively, 
based on the fading vectors fed from phase estimator 
circuit 11, and applies respective phase corrector 
circuits 13, 14 with the fading vectors and inverse 
spread data applied from phase estimator circuit 11, 

Further, at step 604, level measuring circuit 12 
first compares the level of the electric field generated 
by the received signal from antenna ANTl of base station 
1 with a predetermined threshold to determine the 
validity for the received signal from antenna ANTl. The 
threshold used in the comparison is retrieved from E2PRM 
10 and applied to level measuring circuit 12 within each 
finger circuit 5i - 5n under control of CPU 9. 

When the electric field level is below the 
threshold at step 604, level measuring circuit 12 
determines at step 605 that the received signal from 
antenna ANTl is invalid, applies switch 131 disposed 
between phase corrector circuit 13 and TCXO 8 with a 
control signal at "0" for turning OFF switch 131, thereby 
stopping the operating clock supplied to phase corrector 
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circuit 13. 

Conversely, when the electric field level is equal 
to or higher than the threshold at step 604, level 
measuring circuit 12 determines at step 606 that the 
received signal from antenna 1 is valid, and applies 
switch 131 disposed between phase corrector circuit 13 
and TCXO 8 with the control signal at "1" for maintaining 
switch 131 ON. Thus, phase corrector circuit 13 corrects 
the phase of the inverse spread data for the received 
signal from antenna ANTl, out of the inverse spread data 
applied from level measuring circuit 12, based on the 
fading level applied from level measuring circuit 12. 

Subsequently, in a manner similar to the foregoing 
processing at steps 604 - 606, level measuring circuit 12 
compares the level of an electric field generated by the 
received signal from antenna ANT2 of base station 1 to 
determine the validity for the received signal from 
antenna ANT2 at step 607. Upon determining that the 
received signal from antenna ANT2 is invalid, the 
operating clock supplied to phase corrector circuit 14 is 
stopped at step 608. Conversely, upon determining that 
the received signal from antenna ANT2 is valid, phase 
corrector circuit 14 corrects the phase of the inverse 
spread data for the received signal from antenna ANT2 at 
step 609. 
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Next, at step 610, antenna combiner circuit 15 
combines the phase-corrected inverse spread data in 
respective phase corrector circuits 13, 14. 

Subsequently, at step 611, RAKE circuit 6 combines 
the inverse spread data which have been combined by 
antenna combiner circuits 15 in respective finger 
circuits 5i - 5n. 

As described above, in the foregoing embodiment, 
when base station 1 is transmitting signals using two 
antennas ANTl, ANT2 in the transmission diversity mode, 
level measuring circuit 12 determines the level of an 
electric field generated by a received signal from each 
of antennas ANTl, ANT2, and when the electric field level 
is below the threshold, generates the control signal for 
stopping the operating clock supplied to one of phase 
corrector circuits 13, 14 which is correcting the phase 
of the received signal from the associated antenna. 

Consequently, the operation of the associated phase 
corrector circuit is stopped, thereby making it possible 
to reduce the power consumption. 

Also, in the foregoing embodiment, when the 
validity for the received signal either from antenna ANTl 
or ANT2 of base station 1 is not recognized from the 
result of comparison, made by level measuring circuit 12, 
of the level of the electric field generated by the 
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received signal from each antennas ANTl, ANT2 with the 
threshold, CPU 9 can control to stop the operating clock 
supplied to timing corrector circuit 7 as well as the 
operating clock supplied to associated phase corrector 
circuit 13 or 14. 

Referring again to Fig. A, each of finger circuits 
4i - 4n within finger unit 4 is operating, triggered by 
the timing control pulse signal applied from timing 
corrector circuit 7 . However, when the validity is not 
recognized for the received signal either from antenna 
ANTl or ANT2 of base station 1, it can be regarded that 
the timing control pulse signal allocated to associated 
finger circuits 4i - 4n does not provide a proper timing 
for causing those finger circuits to inversely spread the 
received signals. 

In this situation, therefore, not only the 
operating clock supplied to the associated phase 
corrector circuit is stopped, but the operating clock to 
timing corrector circuit 7 is stopped for a certain time 
period. Since this can stop the operation of the 
associated phase corrector circuit and timing corrector 
circuit 7, the power consumption can be further reduced. 

While preferred embodiments of the present 
invention have been described using specific terms, such 
description is for illustrative purposes only, and it is 
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to be understood that changes and variations may be made 
without departing from the spirit or scope of the 
following claims. 
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